Granular cermet films (Fe 50 Co 50 ) x -(Al 2 O 3 ) 1Ϫx fabricated using the electron-beam coevaporation technique at oblique incidence of FeCo and alumina atom fluxes have been found to exhibit both oblique and in-plane uniaxial magnetic anisotropy. This anisotropy first appears just below the percolation threshold due to a magnetic coupling of particles taking place at a certain stage of their growth and coalescence. The FeCo content x varied from 0.07 to 0.49. A simple model of the film microstructure is presented based on the results of magnetization measurements and ferromagnetic resonance at intermediate ͑9.4 GHz͒ and high ͑94 GHz͒ frequencies. At 94 GHz the concentration dependence of the effective anisotropy field follows the solid solution law, since then the magnetic field is sufficient to magnetize the films close to saturation. The 9.4 GHz data points deviate from the solid solution line below the percolation threshold due to both modification of the resonance fields by intergranular interactions in nonsaturated films and the reduction of the average magnetization of granules, comparing to the saturation magnetization, at room temperature. Different mechanisms of line broadening observed at frequencies used in experiments are also discussed.
I. INTRODUCTION
Preparation and characterization of advanced recording media such as granular and patterned films is now one of the most active areas of research in magnetism ͑see, e.g., Ref. 1͒. Among the most important parameters of the material are the values of anisotropy and saturation fields. Recently an interest in oblique deposition of films from one source has been renewed as this technique allows the control of the film microstructure 2 and anisotropy. 3 Granular cermet films ͑GCF͒ constitute an insulator matrix containing dispersed magnetic metallic nanoparticles. Being embedded in an alumina matrix, where they are immiscible and unwettable, magnetic granules have regular shapes. They do not interact via an exchange mechanism. In GCFs the particles interactions are provided by dipolar forces. 4 Below the structural/electric percolation threshold, GCFs exhibit a magnetoresistance ͑MR͒ effect ͓e.g., 3.6% in Fe-SiO 2 , 5 4% to 5% in Fe-Al 2 O 3 , 6 8% in Fe-Al-O ͑Ref. 7͒ and Refs. therein͔ at room temperature. The largest MR effect is usually observed at magnetic fields of about 1 to 2 T and above these values.
The sensing properties and the coercivity of granular material are strongly influenced by the film microstructure and magnetic local structure via the effect of sizes, shapes, interactions among granules, and homogeneity of their distribution in the matrix. It is always important to know what type of structural inhomogeneity is present.
Ferromagnetic resonance ͑FMR͒ probes local film regions differing from each other in the magnetization and/or anisotropy. They reveal themselves as separate signals in the FMR spectrum. In the case of wide distribution of granule sizes in the single ensemble, the appearance of a single resonance line is expected as the system can be characterized by the average of both the magnetization and anisotropy field. If the film has a ''patch-like'' structure, two or more FMR peaks should occur. This means that local film regions, each representing a separate ensemble, are characterized by different concentrations ͑i.e., volume contents of magnetic material͒, corresponding average granule volumes, and magnetization. The structural origin of additional FMR signals, if any, can be established at the high frequency and field ranges where magnetic interactions among particles are greatly suppressed and will not produce unexpected resonance peaks in the observed spectra. High field FMR investigation at hundreds of GHz gives an adequate picture of a homogeneous, as well as inhomogeneous, precession of the magnetization that is either an average in the patches of the granular fraction or saturated in continuous film regions.
FMR is a unique tool for the study of magnetic anisotropy. [8] [9] [10] In the case of well-separated particles the magnetocrystalline and shape anisotropies of the granules themselves are only present. However, it is likely that below the electric ͑or structural͒ percolation threshold the uniaxial film anisotropy may occur due to dipole-dipole coupling of magnetic moments of evolved particles, if their growth is oriented. This expectation is associated with a conclusion in Ref. 11 that just below a structural percolation, interacting granules, which are grown and stay close enough to each other, are sensed as a ferromagnetic ͑FM͒ continuum by dipolar forces. Due to film anisotropy, the high saturation field that at present is a great deficiency of GCF for technical applications should be reduced if the film is magnetized along the easy axis. From this point of view the growth anisotropy known to occur in continuous films evaporated from a single source at oblique incidence is worthy of attention. It was studied long ago in divers crystalline films 12 and its origin was attributed to a film columnar structure. But we did not find in the literature the information concerning the anisotropy of obliquely deposited double-component systems, like GCF, although such films are often fabricated by a coevaporation technique resulting in an oblique deposition of film components from different sources. A lack of publications on this subject can obviously account for the fact that the oblique deposition effects are usually considered to be undesirable and are excluded by deposition on a rotating substrate. However, this may not be the case. As we reported in Ref. 13 , Co-Cu granular films fabricated by a coevaporation at oblique incidence possessed large in-plane anisotropy providing a reduction in the saturation field when it was applied along the easy axis.
This work is an extension of our previous studies on granular films FeCo-Al 2 O 3 ͑Refs. 14 and 15͒ with the large MR effect and specific magnetic and X-band resonance behavior indicating a formation of a patch-like film structure. In the current work the previous data are verified using higher frequency FMR techniques, at which the films are closer to magnetic saturation. Using the data obtained by FMR at 9.4 GHz and a superconducting quantum interference device ͑SQUID͒, evidence will be given for the formation of oblique and in-plane uniaxial anisotropies. Peculiarities of the percolation process as well as a possible cause of the local regions with increased FeCo content, occurring in films deposited at oblique incidence, will be discussed.
II. FILM PREPARATION AND CHARACTERIZATION
A series of (Fe 50 at. % Co 50 at. % ) x -(Al 2 O 3 ) 1Ϫx granular films having a thickness of about 400 nm have been prepared at room temperature in one run in a vacuum of 10 Ϫ6 Torr using the electron-beam coevaporation technique. The deposition rate was 0.1 to 0.2 nm/s. The films used in the experiments were deposited as stripes on to glass substrates as shown in Fig. 1 . Iron-cobalt and alumina were evaporated from two sources at the fluxes inclination angles changing from the film normal to 45°͓Figs. 1͑a͒ and 1͑b͔͒. The nominal volume content of the ferromagnetic component ͑x͒ varied from 0.07 to 0.49 along the length of the stripe. The individual FMR samples were small enough that the flux angles were essentially unchanged within each one. A set of separate samples, each indicated by a small open or closed circle in the plots in Fig. 1͑b͒ , was obtained by subsequently cutting the glass substrates. Each of the ten substrates was divided into ten samples. The variation of the concentration x across the individual samples was less than 0.01.
The nominal elemental contents of the films were determined using the energy disperse x-ray analysis ͑EDAX͒.
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The magnetoresistance was maximal ͑7.4% at 0.8 T͒ below the anomalously low electrical percolation threshold x p ϳ0.18 estimated from the conductivity measurements. 16, 17 The magnetic measurements were made in a SQUID magnetometer. Room temperature X-band FMR spectra and angular dependencies of the resonance field (H r ) were recorded at 9.4 GHz using a Radiopan electron paramagnetic resonance ͑EPR͒ spectrometer. The angular out-of-plane dependencies of H r were taken varying the angle from the film normal ϭ0 to the film plane ϭ90°. For in-plane dependencies of H r the angle was changed between 0°and 360°. The values of the perpendicular resonance field were verified using a Brucker EPR spectrometer having a field range sufficient to measure the resonance of the films at the perpendicular orientation of the dc field. Room temperature spectra at the perpendicular FMR configuration were recorded at 94.225 GHz using a high field ͑HF͒ ESR spectrometer. resonance field (H r ) to the well-known Kittel's formula for a thin film given in the polar coordinates, m , and m , of the magnetization ͑M͒ vector:
where /2 is the frequency of the microwave field, and ␥ is the gyromagnetic ratio. The angles m were deduced from the condition for M equilibrium given as
where H eff includes all the anisotropy fields H A of uniaxial perpendicular symmetry, affecting a precession of magnetic moments. In the general case this field can be expressed as
where N is the demagnetizing factor. The fields of the oblique and in-plane anisotropy were neglected, as they are of one to three orders of magnitude smaller than the demagnetizing field, as it will be shown in Sec. IV.
At 94 GHz Kittel's formula for the perpendicular resonance field (H r Ќ ) was used to calculate the effective fields:
where H 0 ϭ/␥.
III. SPECTRA AND ANGULAR DEPENDENCIES OF THE RESONANCE FIELD
Dependencies of absorbed microwave power derivative versus applied dc field, i.e., resonance spectra, in three representative samples having different FeCo contents ͑below, close to, and above the percolation concentration, xϭ0.13, 0.18, and 0.31, respectively͒ are shown in Fig. 2 . The inplane spectra (ϭ90°) are plotted in the left panel for the two orientations of applied field ϭ0°and 90°. In the former case the field is applied along a direction of the concentration gradient ͓Fig. 1͑a͔͒. FMR signals recorded at 9.4 and 94 GHz in the perpendicular FMR configuration are shown in the right panel in the second and third columns, respectively.
According to the results of our studies on the considered system, 15 two FMR signals observed over the full range 90°уу0, come from two local regions in the film differing in the FeCo content. A difference in the susceptibility ͑͒ ͑a steepness of lines slopes͒ of both regions is clearly seen in Figs. 2͑e͒, 2͑f͒, 2͑h͒, and 2͑i͒, where ͑1͒ ͑P1 resonance line͒ is always higher than ͑2͒ ͑P2 line͒. This is in agreement with the above-mentioned conclusion 15 concerning concentrations of these regions: x(1)Ͼx (2) . As will be shown below, at the nominal percolation point and above this point, the region 1 is structurally continuous while the region 2 is still granular. The highest is inherent in a continuous region.
In-plane spectra, measured at ϭ0°and 90°͓Figs. 2͑a͒, 2͑d͒, and 2͑g͔͒, generally contain three signals which can be either resolved or overlapped depending on the film concentration and the angle . These peaks are indicated in Fig. 2 and all other figures as P0, P1, and P2. Unlike P1 and P2 being present in the case of perpendicular FMR at both frequencies ͑Fig. 2, right panel͒, P0 is not detected.
The P0 in-plane resonance, positioning at zero-field at 9.4 GHz, changes slightly with the angle , depends strongly on the magnetization history of the film, and disappears near ϭ0. The line is extended toward a negative field region, especially at ϭ0. The contribution of this signal to the spectra decreases with increasing x. These features allow the attribution of P0 to the fraction of very small particles, like metal spray. Note that Fe and Co atoms may have enhanced magnetic moments due to transition from band ͑in metal͒ to localized d-electrons in oxide, as these particles with the large surface/volume ratio should mainly consist of the oxidized surface. For instance, we observed 19 an enhancement of the magnetic moments of the Co atoms, located near the interfaces in FeCo/Al 2 O 3 discontinuous magnetic-insulator multilayers ͑DMIM͒, due to the formation of CoO. In such systems discontinuous magnetic layers ͑having a thickness of 1-1.5 nm͒ are separated by continuous insulator spacer layers.
The peaks P1 and P2 in Fig. 2 , left panel, come from the local regions 1 and 2 having different concentrations. 15 Each of them can be characterized by different anisotropies since both the FMR signals are sensitive to the direction of the applied magnetic field. The P2 signal is the strongest, dominating when the field is applied along the x gradient axis (ϭ0). For region 1 the easy magnetization direction is along ϭ90°, at which P1 dominates. The two signals for the xϭ0.46 sample are clearly seen in Fig. 3 where the integrated resonance lines are decomposed by a Lorentzian multipeak fit. There is no uniaxial anisotropy yet in region 2 as the FeCo flux inclination angle is low (␣ϭ5°). However, the P1 behavior demonstrates that this is present in region 1. The anisotropy in both regions will be discussed in more detail in Sec. IV.
These two signals are also observed in the angular dependencies of the resonance fields ͓H r (1) and H r (2) for P1 and P2, respectively͔ as it is seen in Fig. 4 . Experimental data ͑points͒ have been obtained at ϭ0 ͑the left slopes of the curves͒ and at ϭ90°͑the right sides͒. At low angles both peaks are resolved ͓Figs. 4͑a͒ and 4͑b͔͒. They are also resolved if the film having the low x is magnetized in the plane. In the sample with the higher nominal FeCo content ͓Fig. 4͑b͔͒ the value of average magnetization in the granular region 2 has approached the saturation magnetization value in the continuous region 1. Thus the signals P1 and P2 stay closer to each other than in films with lower x. They overlap at 90°уу20°. At ϭ0 P2 dominates whereas at ϭ90°o nly P1 is seen. Such a behavior is rather due to the presence in these regions of the uniaxial in-plane anisotropies with mutually perpendicular easy axes.
In addition to P1 and P2, one or more peaks S1, S2, and S3 appear near the film normal at 6°уу0. They are indicated by arrows in the right panel of Fig. 2 . Figure 5 shows the concentration dependencies of the perpendicular resonance field of the additional peaks together with those of the peaks P1 and P2, all obtained using HF FMR. The origin of the S signals is not clear, as the low number of peaks does not allow for a detailed analysis. But taking into account the fact of their presence in saturated samples, they cannot be attributed to granule interactions and should be rather connected with the inhomogeneous precession like a spin-wave resonance. Figure 6 shows the angular dependencies of the X-band FMR fields H r () and H r () in a representative film with xϭ0.24. They demonstrate an evolution of the periodicity of H r () from 180°to 360°for the two signals as decreases from 90°to 0°͓Fig. 6͑a͔͒. A shift of the maximum of H r () from ϭ0 at ϭ90°͓Fig. 6͑d͔͒ to ϳ6°at ϭ0 ͓Fig. 6͑c͔͒ is also observed. According to Ref. 10, such behavior is typical of samples with a uniaxial oblique anisotropy. The content xϭ0.24 of this film lies within the concentration range where region 1 is structurally continuous while region 2 is still granular. 15 The easy out-of-plane magnetization directions are parallel in both regions as can be seen in Fig. 6͑a͒ , at ϭ0°and 3°where the curves for P1 and P2 are similar. An asymmetry of the plots is connected with the slight obliquity of the sample-holder. The maximum value of the oblique anisotropy field is estimated to be 0.03 T for region 1 and about three times smaller for region 2. The inclination angle is ϳ6°for P1 and P2 peaks. It is likely that the oblique anisotropy occurs in the granular region 2 due to the coupling of evolved granules elongated in the direction of FeCo flux.
IV. ANISOTROPY
In the film plane the easy axes of the uniaxial anisotropy in the regions 1 and 2 are perpendicular to each other as seen in Fig. 6͑a͒ at ϭ90°and ϭ0°, 180°where resonance field H r (2) corresponds to maximum H r (1). P2 is not seen at ϭ90°͑the hard direction for this region͒. This is detected at higher fields, e.g., at ϭ20°.
Composition dependencies of the in-plane anisotropy fields H a (1) ͑closed circles͒ and H a (2) ͑open squares͒ are presented in Fig. 6͑b͒ , where the former is shown by negative values as the corresponding easy axis is perpendicular to the x gradient line. The anisotropy field values were estimated using experimental dependencies together with simulated dependencies of the resonance fields and the spectra decomposed by Lorentzian multipeak fit ͑the representative spectra are shown in Fig. 3͒ . The estimated values of the maximum anisotropy energies (Kϳ10 4 to 10 5 erg/cm 3 ) are not too high. According to the data in Fig. 6͑b͒ , the in-plane anisotropy H a (1) occurs at the nominal xϭ0.13 in region 1, being still granular, and reaches its maximum value at xϭ0.24 ͑continuous region 1͒. In region 2 ͓P2 plot in Fig. 6͑b͔͒ , H a (2) was detected first at xϭ0.24 where it is a maximum. Then both the in-plane and oblique anisotropy values decrease with x. This is contrary to a change of the inclination angle of the alumina flux, which increases with x, but corresponds to a decrease of the FeCo flux angle ͓Fig. 1͑b͔͒. Therefore the granule shape and spatial orientation are controlled by the FeCo flux, i.e., the particle growth and coalescence are flux oriented.
The concentration range where the main region 2 possesses the in-plane anisotropy is narrower (0.18ϽxϽ0.39) than for region 1 (0.13ϽxϽ0.46). At xϭ0.07 and 0.09 only one line is detected at any angle and the perpendicular resonance field is almost the same as the parallel one. Therefore, here granules are spherical and noncorrelated. In region 2 this state takes place up to xϭ0.18.
V. EFFECTIVE ANISOTROPY FIELDS
The effective anisotropy field (H eff ) was deduced for each signal by fitting the experimental dependencies of the resonance field to Eqs. ͑1͒-͑4͒ at 9.4 and Eq. ͑4͒ at 94 GHz. In the former case the best fit was obtained for gϭ2.2 for all films. This is consistent with the results reported in Ref. 20 where measurements of the g-factor, performed in saturated samples Fe-SiO 2, have shown that the value of g is independent of the film concentration.
At 94 GHz the H eff (x) curves are linear for both signals ͑Fig. 7͒ unlike similar dependencies plotted for 9.4 GHz shown in the inset in this figure. The results obtained at 9.4 GHz, are discussed in Ref. 15 . In accordance with the conclusion, 15 the FeCo content of region 2 is nearly equal to the nominal x in each sample ͑this is the main region occupying the bulk of the film area͒. Meanwhile region 1 is enriched with FeCo, i.e., x(1)ϭxϩ⌬x. Since above the percolation point x p the composition dependence of H eff (1) is parallel to the line showing the solid solution law, the additional FeCo amount ⌬xϭconst. The electric percolation in this region begins earlier and determines the x p value in the investigated film series. In fact x p ϭx p (1). Considering the solid solution line to be an upper limit for x, the true content of region 1 can be estimated by shifting the P1 plot to higher concentrations. This curve is shown in Fig. 7 ͑inset͒ by crossed circles. A break in the P1 plot should occur at the magnetic percolation since at room temperature the average magnetization of the granule fraction differs from the saturation magnetization. 11 In region 1 the H eff (x) curve actually consists of two linear parts, demonstrating either Langevinlike behavior of the average magnetization of superparamagnetic ͑SP͒ granules below x p (1) or the variation of saturation magnetization according to the solid solution law above the percolation threshold. Using this estimation procedure, the value of the percolation point in region 1 is found to be At 94 GHz all films are nearly saturated: there is no break in the H eff (x) dependence for P1 ͑Fig. 7, closed circles͒. The P2 data points ͑open squares͒ lie on the solid solution line and the P1 data fall on this line by using x(1) ϭx nominal ϩ⌬x ͑crossed circles͒. The value of ⌬xϷ0.17 is in good agreement with the value obtained from X-band FMR measurements.
The appearance of the uniaxial anisotropy at xϭ0.24 ͑see the previous section͒ in region 2 indicates the concentration at which SP granules are already correlated. In the next section the concentration dependencies of the linewidth will support this conclusion. Figure 8 shows the composition dependence of the linewidth (⌬H Ќ ) measured at the perpendicular configuration in the film series for both the P1 ͑closed circles͒ and the P2 ͑solid squares͒ signals. The data in the left and right panels were taken at 9.4 and 94 GHz, respectively. At 9.4 GHz ⌬H Ќ peaks at xϭx m ͑1 or 2͒ ͑Fig. 8, left͒. A mechanism of line broadening was discussed in Ref. 16 where it is explained by static fluctuations of random internal fields (H i ) on granules, reaching a maximum at the concentration x m Ͻx p , at which interacting granules stay close enough to each other to exhibit ferromagnetic behavior even without direct contact between them. For xϾx m , H i should mainly fluctuate due to relatively rare ''holes'' in the ferromagnetic background, which are only removed well above the structural ͑or electric͒ percolation point x p (1 or 2) where ⌬H Ќ reduces to a small value for the continuous film.
VI. FMR LINEWIDTH
However, at 94 GHz, the perpendicular linewidth continues to widen with decreasing x. This suggests that inhomogeneous line broadening is due to another mechanism. In fact, the granule interactions are suppressed by high fields ͑about 3-5 T͒. Thus line broadening can be provided by the distribution of SP granule sizes, magnetocrystalline anisotropy energies, and directions of magnetic moments, as in the case of FM particles. At very short times (ϳ10 Ϫ11 s at 90 GHz͒ it is sufficient to realize rf absorption by SP granules in the metastable state. In other words, the measurement time is equal to or shorter than the oscillation period (ϳ10 Ϫ11 to 10 Ϫ12 s) of small superparamagnetic granules ͑less than 3 nm in diameter͒; hence for HF FMR they are ferromagnetic at room temperature. For these films the average granule diameter has been estimated in Ref. 16 to be about 3 nm for xϳx p ϭ0.18.
At 9.4 GHz the maxima of P1 and P2 plots in Fig. 8  indicate the magnetic percolation point x m . 16 In region 1 x m (1) is close to nominal xϭ0.18, i.e., x m (1)ϳ0.35 as estimated, and x m (2) is also found at about 0.35 in region 2 ͑Fig. 8, left panel͒. Note that in this region the anisotropy appears at xϭ0.24 at which the resonance line is broadened due to granule interactions.
Performing the x estimation procedure for the P1 linewidth curves like for the effective fields of region 1 described above ͑Fig. 7͒, an extrapolation of the curves P2 in Fig. 8 , left and right panels, toward higher FeCo contents was obtained. This demonstrates that region 1 is formed in a manner similar to that of the main region 2. The value ⌬x ϭ0.17 determined above, was again used.
VII. SQUID DATA ANALYSIS
SQUID data of the film series becomes clear only when taken together with the picture of the magnetic local structure obtained by FMR. Figure 9 shows the temperature dependencies of the magnetic moments measured in fieldcooled ͑FC͒ and zero-field-cooled ͑ZFC͒ regimes for films of different FeCo contents. The upper curves correspond to the FC regime. ZFC data relate to the lower curves of these plots. The four curves for each sample shown in Fig. 9 were obtained at the applied field ͑H͒ of 0.001 T ͑closed squares͒, 0.002 T ͑open squares͒, 0.005 T ͑closed triangles͒, and 0.01 T ͑open triangles͒. The field was applied perpendicular to the direction of the x gradient, which is parallel to the anisotropy easy axis in region 1: HЌH a (2) ʈ H a (1) in each sample in Figs. 9͑a͒-9͑c͒ and H ʈ H a (2)ЌH a (1) in Fig. 9͑d͒ . The recorded total signal is a sum of the signals coming from each region of the sample, namely: ͑i͒ the main region 2 having the largest area, lower x, than in region 1, and consequently smaller in both the average granules size and magnetization; ͑ii͒ the region 1 of larger granules ͑or continuous at x у0.18) with the higher susceptibility (1)Ͼ(2); and ͑iii͒ a fraction of the smallest particles yielding the lowest average magnetization.
In region 1 ZFC and FC curves should be identical for the cases ͑a͒-͑c͒ as granules have been frozen by the strong anisotropy field: H a (1)уH. The form of the ZFC curves ͑a͒-͑c͒ is mainly determined by the behavior of M in region 2 as the inherent easy magnetization direction is perpendicular to H. The curve shapes should also depend on the ratio of the signal intensities I(1)/I(2) in each sample.
An increase of the FC curves with a decrease of the temperature in the low range and at highest H come from the fraction of the smallest granules revealing themselves as the P0 peak in FMR spectra. This is slower for increasing x ͓Figs. 9͑a͒, 9͑c͒, and 9͑b͔͒ that denotes a reduction of the fraction amount at the higher FeCo content to be in agreement with FMR data.
A minimum in the ZFC curves in Fig. 9͑a͒ is the result of the superposition of two signals coming from granular regions of different content, hence different T b ͑below this temperature SP particle oscillations are blocked͒. In this case there is no in-plane anisotropy in region 2. The M 2 (T) signal was observed on the strong background of M 1 (T). Qualitatively, these plots are similar to ZFC-FC curves obtained in Ref. 22 A gap between FC and ZFC curves above T b ͓Figs. 9͑b͒ and 9͑c͔͒ is assumed to be due to the anisotropy. ZFC particles have been frozen at the field H a (2)ϾH and the additional energy (kT col ) is needed for a transition to the superparamagnetic state. 23 The gap collapses at T col when the thermal energy kT col is high enough to switch the magnetization into the H direction. If H a (2)рH, then T col рT b (2) and the two curves merge in the vicinity of T b . This is the case for the top curves ͑open triangles͒ in Fig. 9 . They do not display any gap and T b (2) can be estimated using these plots. Thus the fields H a (2)Ͻ0.01 T in all the samples are in agreement with the anisotropy values obtained by FMR. The largest gap occurs at xϭ0.24 and Hϭ0.005 T ͓Fig. 9͑c͔͒. In this case H and H a (2) values should be nearly equal. Indeed the in-plane anisotropy field H a (2)ϭ0.005 T according to FMR data. The plot in Fig. 9͑d͒ obtained at 0.005 T and H ʈ H a (2) does not show a gap that confirms the abovementioned assumption.
The central parts of the magnetization curves obtained in SQUID are shown in Fig. 10 for representative samples of different FeCo content. Apparently the hysteresis loops of high squareness originate from the region 1 as the field was applied along its anisotropy easy axis. The high-field edges of the loops come from the granules in region 2. At x ϭ0.23 ͓Fig. 10͑b͔͒ the double-loop is observed revealing the presence of two local regions.
Note that a similar film series deposited on polymeric substrates 14 exhibits the same FMR and SQUID behavior as has been described above for the films deposited on glass substrates.
SQUID data agree well with the idea of the inhomogeneous film structure consisting of two regions differing in FeCo contents and each possessing an in-plane anisotropy with the easy axis directed perpendicular to that of its counterpart. vacuum ϳ10 Ϫ6 Torr are characterized of a patch-like microstructure. They contain local regions of two types revealing themselves as two signals in FMR spectra and differing in both concentrations and areas they occupy. Films deposited at incidence angles more than 5°possess uniaxial oblique and in-plane anisotropies.
VIII. CONCLUSIONS
The FMR and SQUID studies show that an evolution of the film structure depending on the concentration takes place in three stages as follows: at xϽ0.18 the films present an array of noncorrelated FeCo granules in the alumina matrix; at 0.18ϽxϽ0.46 they contain chains of granules which are elongated in the direction of FeCo atom flux and coupled by dipolar forces producing the uniaxial anisotropies in the film; at xϾ0.46 the films are continuous. This evolution scheme ͑except of anisotropy occurring͒ is similar to that observed in DMIM. 19 The simplest model of the films microstructure as it emerged in the course of FMR and SQUID studies is as follows.
The deposition of films at the oblique incidence onto unheated substrates at a pressure no less than 10 Ϫ6 Torr provides a slowing down of the surface diffusion and selfshadowing that can lead to the formation of a specific microstructure, such as columnar in crystalline material. 12 In amorphous films ͑e.g., CoP͒ oriented chains of elongated pores were considered to give rise to anisometric structural elements of the film, like columns. 24 In the films under study the columnar-like structure may be rather inherent in the amorphous matrix because of the higher content of alumina (0.5ϽAl 2 O 3 Ͻ0.93) while the shape and orientation of growing particles ͑hence the uniaxial anisotropy͒ is controlled by the FeCo atom flux. In the alumina matrix such a structure may occur due to the presence of counterpart atoms evaporated simultaneously with alumina but at the opposite angles relative to the film normal. The majority of ferromagnetic atoms are dispersed in the matrix. They form the main granular region 2. But some amount of the Fe/Co, together with oxygen atoms, may occupy void sites occurring due to self-shadowing of alumina molecules. They remain at these sites since the surface diffusion is reduced under conditions available in our experiment. As a result, a network of parallel chains of FeCo may divide the matrix onto column-like regions. Alumina columns should be nearly parallel to Al 2 O 3 incident flux. In addition, some part of Fe and Co atoms can accumulate near the column boundaries by diffusion mechanism. Thus region 1 presents a network of similar patches positioned near the boundaries where the FeCo content is higher. A difference between FeCo contents in the two regions ⌬x is constant since the time of deposition determining the diffusion is the same for all samples. Both the oblique and in-plane anisotropy fields decrease with a decrease of the inclination angle ␣ of FeCo atom flux while the alumina flux is inclined maximally from the film normal and canted columns keep forming. Patches of region 1 are confined by columns' boundaries in the plane section. Here the granules are oblate along the X axis and the anisotropy is present even if ␣ is close to zero.
In the main region 2, which is located in the bulk of the column, the granules are oblate along the Y axis The latter provides the corresponding in-plane anisotropy axis, which is perpendicular to that in region 1. In this case the anisotropy is not observed since ␣ϭ10°.
According to this structural model a patch-like structure may be prevented by improving the vacuum and/or the deposition time. This is expected to stop the occurrence of both the alumina columns and the associated patches with an FeCo concentration higher than the nominal one.
Cermet films evaporated at oblique incidence in a high vacuum may provide advantages over conventional GCF. A presence of the anisotropy while the films are granular should lead to a decrease in the MR saturation field if the film is magnetized along the easy axis. The anisotropy can be controlled by changing the inclination angle of FeCo atoms flux.
